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INTRODUCTION
Wha
t I
wou
ld
lik
e to
do
tod
ay
is g
ive
you
an
ove
rvi
ew
of t
he
stat
e of
sci
enc
e o
f di
oxi
ns
and
hea
lth
effe
cts.
Wha
t I
am
goi
ng t
o ta
lk a
bou
t fi
rst i
s th
e ef
fect
of d
iox
in i
tself
. L
ater
on
I wi
ll r
etu
rn
to
the
iss
ue t
hat
dio
xin
is b
ut
one
of a
fam
ily
of c
hem
ica
ls
and
, i
f yo
u r
eal
ly
wan
t t
o u
nde
rst
and
the
ris
k o
ut
the
re,
we
nee
d t
o l
ook
at t
he
agg
reg
ate
of a
ll o
f th
em
toge
ther
. B
ut
the
imp
ort
ant
thin
g ag
ain
is t
hat
you
hav
e a
pla
nar
mol
ecu
le
wit
h ha
log
ens
off
to t
he
sid
e.
I wo
uld
like
to s
tres
s th
at m
ost
of t
he i
nfo
rma
tio
n w
e h
ave
, h
as
to
do
wit
h
the
chl
ori
nat
ed
mol
ecu
le,
but
the
bro
min
ate
d m
ole
cul
es
are
just
abo
ut
as
equ
all
y t
oxi
c a
nd
we
kn
ow
alm
ost
not
hin
g a
bou
t t
hem
, a
nd
alm
ost
no
env
iro
nme
nta
l m
oni
tor
ing
has
bee
n
don
e t
o d
ete
rmi
ne
whe
the
r t
hey
are
rea
lly
out
the
re
or
not.
So
me
pro
per
tie
s o
f di
oxi
n a
re
rel
eva
nt
to i
ts p
ers
ist
enc
e a
nd
its
bio
acc
umu
lat
ion
in t
he
env
iro
nme
nt,
and
wh
y w
e h
ave
a p
rob
lem
wit
h it
. I
t is
ins
olu
ble
and
is h
igh
ly
bio
acc
umu
lat
ed
in
foo
d c
hai
ns.
It’s
ver
y i
nso
lub
ili
ty
is a
rea
l i
ssu
e f
rom
a r
ese
arc
h a
nd
reg
ula
tor
y s
tan
dpo
int
whe
n t
he
sta
nda
rd
pro
ced
ure
con
cer
ns
ho
w m
uc
h i
s in
the
wat
er,
whe
rea
s i
n f
act
the
re
is a
lmo
st
non
e o
f it
in
the
wat
er
itse
lf.
The
re
is a
ver
y l
ow
vap
or
pre
ssu
re
whi
ch
mea
ns
tha
t it
doe
s n
ot
vol
ati
liz
e v
ery
muc
h.
EXPOSURE PATHWAYS
Ho
w a
re p
eop
le
exp
ose
d t
o d
iox
in?
Foo
d i
s th
e m
ajo
r s
our
ce,
exc
ept
for
som
e m
ajo
r
ind
ust
ria
l ac
cid
ent
s w
her
e t
her
e m
igh
t b
e s
ome
inh
ala
tio
n o
f di
oxi
n o
r s
ome
ski
n a
bso
rp-
tion
. E
sse
nti
all
y gr
eat
er
tha
n 9
5%
of o
ur
exp
osu
re
is b
y t
he f
ood
we
eat,
pri
mar
ily
mea
t,
fis
h a
nd
dai
ry
pro
duc
ts.
No
w a
lot
of t
he
att
ent
ion
has
foc
use
d o
n t
he
con
cen
tra
tio
ns
of
dio
xin
in f
ish,
so
tha
t m
ay
be
hig
her
tha
n t
he
con
cen
tra
tio
ns
in m
eat
and
dai
ry
pro
duc
ts.
But
in
the
Ame
ric
an
diet
, at
leas
t u
p u
nti
l th
e p
res
ent
tim
e, m
ost
Ame
ric
ans
do
not
eat
as
mu
ch
fis
h as
the
y d
o d
air
y p
rod
uct
s.
So
we
hav
e a
ppr
oxi
mat
ely
equ
al
amo
unt
s o
f ex
po-
sur
e f
rom
fis
h a
s f
rom
dai
ry
pro
duc
ts.
The
re
ma
y b
e s
usc
ept
ibl
e s
ubp
opu
lat
ion
s w
ho
do
eat
a la
rge
amo
unt
of f
ish
wh
o w
ill
get
mor
e t
han
the
ave
rag
e e
xpo
sur
e t
o di
oxi
n.
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 SOURCES
Dioxin gets into the food chain by bioaccumulating in organisms in the food chain. How
does it get into the food chain environment? Some dioxins are directly eliminated into
water, for example, from pulp and paper mills. Most dioxin is released directly to the
atmosphere and is subsequently distributed worldwide through atmospheric transport.
Dioxin is very sticky, it binds to particles, is picked up on dust particles in the winds and
is blown around. Nowhere in the world today is free from dioxin. This is a worldwide
contaminant and can be found, with sensitive analytical techniques, even in the most
remote places on earth.
When was dioxin first found in the environment, and when did it start to accumulate?
Some chemical companies have been trying to convince us for a long time that dioxin has
been around since the beginning of time, and that it is a product of forest fires and vol-
canic activity. Prior to the onset of heavy uses of chlorinated organics in industry, which
really commenced about 1930, levels were extremely low, based on analysis of sediment
samples. People have done analyses of Egyptian mummies from more than 2,000 years ago
and frozen Eskimos from northern Canada and the levels are below the detection limit.
Dioxin is a product of the modern industrialization.
Other than forest fires and volcanos, what are the other major sources? I think it is a point
to remember that, unlike polychlorinated biphenyls (PCBS), dioxins and dibenzofurans
have no known industrial use and they were never made for any purpose. They are
contaminants of industrial processes involving certain organic compounds and chlorine.
They are produced by lowtemperature combustion at between 300° to 400° degrees centi—
grade. To destroy dioxins, you have to go to over 12000 centigrade. But you can form them
at combustion temperatures characteristic of wood burning in wood- burning stoves. In
addition, dioxin is a product formed by the chlorine bleaching of paper and pulp prod-
ucts. The paper industry has been very responsible in decreasing their use of chlorine
bleach, and thereby tremendously decreasing their input of dioxin and dibenzofurans into
the environment. Of course, that is after 50 years of heavily contaminating the sediments,
which give us a long-lasting problem.
What are the other sources of dioxins? In the US. Environmental Protection Agency (US.
EPA) dioxin reassessment, there was an attempt to use total mass balance equations to
determine where the dioxin is coming into the environment. A number of environmental
monitoring studies indicate that the levels do not appear to have declined since the mid to
late 19805. This suggests that we still have inputs as well as outputs, and that we are in a
pseudo steady state. In the Great Lakes, there was a peak of dioxins in the early ’703 and
since then levels came down until about 1987. In the U.S., the major new sources of
dioxin appears to be hospital incineration. In Germany it appears to be municipal waste
incineration. It is not a major source here because we use landfills but, if we switched to
municipal incineration, it may become a major source in the US. If anyone knows about
hospital waste incineration, they are totally unregulated and they burn at very low tem-
peratures, they have tremendous amounts of chlorinated plastics, and therefore lots of
dioxin are potentially emitted from them. Diesel exhaust also appears to be a source of
dioxin. Metal smelting and refining appears to be another source, but we really don’t have
a good mass balance. In summary, we can account for about 50% of the new input into
the environment, and we are uncertain where the rest is coming from.
EFFECTS
A typical toxic substance goes into the body and kills cells, or does one particular thing.
In contrast, dioxin does a lot of things and should be considered as a hormone. I don’t
know what it is a hormone for, in terms of the natural sense. Hormones go into the body
and they have different effects on different tissues, they can have different effects at
2
 different stages of development of the tissue, and they can have different effects on differ—
ent species. I think we can say the same thing about dioxin. So you see a great deal of
tissue specificity, developmental stage specificity, or age specificity, or species specificity
1n response.
At very high doses, in all species we have looked at, dioxin causes death. But, again, it is
not your typical pesticide kind of death, where you know you give a lot to the animal and
it goes four legs up in the air immediately. Death is usually preceded by a wasting syn-
drome, the animals can easily lose 50% of their body weight before they die and, depend-
ing on the animal, the time to death varies. So it takes guinea pigs about two weeks, mice
take about three weeks, so do rats approximately, monkeys take about six weeks to die, for
example. It is an inexorable process. If the level of dioxin administered to the animal,
either acutely or following repeated exposure, once they reach a certain body burden, it is
like a switch is thrown and the animal will, approximately x number of weeks later, die.
We really don’t know what they die of. You can, for example, feed the animal and prevent
the wasting, and they still die. 80 it is not just because they used up their body glycogen.
The highest levels that we know that people were exposed to, would have been lethal in
guinea pigs, but they are, at least in the order of magnitude or more, lower than the levels
that would kill almost any other mammalian species. 80 I think that the reason we have
not seen wasting or death in people is we may not have had high enough exposure, and
that is not an experiment I think we are going to try.
At levels below that where you see wasting, you can see effects on the lymphoid tissues
and you actually have loss of the thymus and spleen and at slightly lower levels, and in
the adult male you can have atrophy of the testis. But, again, these are all relatively high
dose effects. Effects on the liver -- there are some differences in different species but, in
general, you see enlargement of the liver, you see accumulation of fat in the liver. In some
tissues, you have hyperplasia, which is a proliferation of cells. The tissue actually gets
bigger from having more cells, and this occurs in the lining of the gastro—intestinal tract, it
occurs in the lining of the urinary tract, and it occurs in the bile duct, which comes from
the liver.
In other kinds of cells, instead of getting hyperplasia, which is an inappropriate prolifera-
tion of cells, you get squamous metaplasia, which is an inappropriate differentiation of
cells. It is not that an eye turns into an ear, but in fact one type of cell turns into another
type of cell. It starts behaving differently. So, one of the classic kinds of symptomatology
that we see, not only in monkeys for example, butalso in humans, is metaplasia of the
meibomian glands of the eye. Now, meibomian glands are little glands at the base of your
eyelid that secrete very small amounts of ﬂuid. With exposure to dioxins, these actually
change and start producing waxy exudates on your eye that makes vision very difficult and
this is a complaint of people who have had very high levels of dioxin exposure. They also
complain'of problems with hearing. There are glands that line your ear canal which are call
the ceruminous glands and these also undergo an inappropriate differentiation and start
prod
ucin
g ear
wax.
Thes
e are
not t
he no
rmal
gland
s tha
t pro
duce
norm
al ea
rwax.
It mi
ght
be possible to monitor exposed people by collecting some of their earwax and measuring
the concentrations of dioxin and related chemicals in the earwax. It will be a little hard to
do mass balance equation to calculate their whole body burden, but it might be an accessi—
ble source of tissue where you could find out whether there had been exposure.
Chloracne has been the hallmark of dioxin toxicity. This is not the ordinary teenage acne,
but a very, severe persistent form of cystic acne. People who had been exposed over 40
years ago to dioxins in industrial accidents are still having active Chloracne, not limited
just to their face and back, but all over their bodies. It is characterized by hyperplasia,
which is a proliferation of cells, by hyperkeratosis, which is an altered differentiation of
the cells, and by changed pigmentation. It is a very severe condition. You could say it is
just acne, but obviously it has changed the lives of these people.
  
  
 
Dioxin is a potent teratogen in a number of species in that it causes actual gross structural
abnormalities, cleft pallet, and hydronephrosis in mice. In other species, it causes much
more subtle developmental effects. Effects that, until the last couple of years, we were not
really aware of, because they are the kind of effects that you do not see in a standard
teratology study. In a standard teratology study, you dose animals during organogenesis,
which is the major period of differentiation of the different organs and tissues, and then
you sacrifice them just before they would normally be born. The developmental effects we
are studying now in fact are things that you do not see until the animal reaches puberty,
and then there are alterations in the sexual functions and reproductive behavior of the
animals. So, if you kill the animals at birth, you are not going to see what is going to
happen.
 
I will talk a little bit more about cancer. Dioxin appears to be a carcinogen in fish, rodents
and other mammals, including humans. But dioxin can also modulate the immune system
resulting in an inability to fight disease. It is a very powerful immunosuppressant. It can
also upregulate the immune system so that you start becoming hypersensitive, start devel-
oping autoimmunity and allergies. Depending upon the stage of the animal and the
species, sometimes you observe immunosuppression and in other cases you observe
upregulation.
BIOCHEMICAL EFFECTS
Dioxin causes a wide variety of changes in enzyme levels and causes biochemical effects
(Table 1). There has been some discussion about whether these changes represent adverse
effects or just biological responses. I think many of them can be considered as biomarkers
of the potential for other effects to happen. These changes in enzyme levels, including
increases and decreases in the synthesis, leads to alteration in metabolism of both endog-
enous and foreign compounds. For example, it affects the way we handle glucose metabo-
lism, induces cytochrome P4501A1 and P4501A2 and regulation of other kinds of
enzymatic activity.
   
TABLE 1: BIOCHEMICAL EFFECTS OF TCDD:
TABLE 2: BIOCHEMICAL EFFECTS OF TCDD:
ENZYME INDUCTION
MODULATION OF HORMONES AND RECEPTORS
Cytochrome P4501A1 Androgens
Cytochrome P4501A2 Estrogens
DT—Diaphorase
Estrogen Receptor
Glutathione—S—Transferase
Glucocorticoids
Aldehyde Dehydrogenase
Glucocorticoid Receptor
Omithine Decarboxylase
Insulin
Tyrosine Kinase(s)
Gastrin
Terminal Deoxynucleotidyl Transferase
Thyroid Hormones
Phosphonenolpyruvate Carboxykinase
Melatonin
Plasminogen Activator Inhibitor-2
Results in Altered Homeostasis
Results in Altered Metabolism
 
 Dioxin modulates many hormone
Systems and their receptors (Table 2). TABLE 3: BIOCHEMICAL EFFECTS OF TCDD:
MODULATION OF GROWTH FACTORS AND
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example, rats, but it causes increasing
levels of circulating thyroid hormones
in mice. I think we have to be very
care
ful
whe
n w
e ta
lk a
bout
thes
e eff
ects
to re
aliz
e ag
ain
that
hor
mon
es a
re ve
ry c
aref
ully
modu
late
d, a
nd t
he w
ay t
hat w
e ma
inta
in h
omeo
stas
is i
n ou
r bo
dy i
s by
havi
ng a
bala
nced
level.
So, i
f you
pertu
rb th
e lev
el, e
ither
by in
creas
ing i
t or d
ecrea
sing
it, yo
u are
putti
ng
yourself at risk for problems.
 
Results in Altered Growth and Differentiation
Many
diffe
rent
mole
cule
s are
invo
lved
in co
ntrol
ling
the a
ctivi
ty of
cells
(Tabl
e 3).
But
ther
e ar
e gr
owth
facto
rs, s
uch
as e
pide
rmal
grow
th f
actor
, wh
ich
tells
cells
to d
ivid
e, a
nd
ther
e ar
e fa
ctor
s lik
e tr
ansf
ormi
ng g
rowt
h fa
ctor
beta
that
tells
cells
to s
top
divi
ding
. T
here
are g
rowt
h fa
ctor
s li
ke i
nsul
in g
rowt
h fa
ctor,
whi
ch i
s in
volv
ed i
n gl
ucos
e me
tabo
lism
and
in m
any
othe
r fu
ncti
ons
in t
he b
ody.
Diox
in m
odul
ates
the
acti
vity
of m
any
of th
ese,
lead
ing
to al
tere
d gr
owth
and
diff
eren
tiat
ion.
Diox
in i
s the
refo
re a
very
pote
nt g
rowt
h
dysregulator.
MECHANISM OF ACTION
How
does
diox
in c
ause
thes
e bi
olog
ical
effe
cts?
One
thin
g I w
ant
to i
mpre
ss y
ou w
ith
is
that
the
mec
han
ism
of a
ctio
n is
muc
h mo
re c
ompl
icat
ed t
han
we
thou
ght.
A c
oupl
e of
year
s ag
o, w
e th
ough
t th
at T
CDD
cam
e in
and
bou
nd t
o a p
rote
in c
alle
d th
e Ah
rece
ptor
and
that
wen
t o
n in
to t
he n
ucl
eus
and
inte
ract
ed w
ith
DN
A t
o le
ad t
o ch
ang
es i
n th
e
exp
res
sio
n of
gen
es a
nd
of p
rote
in.
We
kno
w n
ow
that
it is
muc
h m
ore
com
pli
cat
ed.
The
way
that
the
Ah
rece
ptor
func
tion
s, it
is ne
ver
pres
ent
as a
n is
olat
ed p
rote
in (
Figu
re 1)
.
Its a
ctio
n is
cont
roll
ed b
y ot
her
prot
eins
, so
that
the
Ah
rece
ptor
bin
ds t
o tw
o mo
lec
ule
s o
f
the
prot
eins
call
ed h
eat
—sh
ock
prot
eins
. H
eat
-sh
ock
prot
eins
wer
e fi
rst i
dent
ifie
d by
rais
ing
the
tem
per
atu
re
of a
n a
nim
al,
and
obs
erv
ing
cha
nge
s in
thes
e ki
nds
of p
rote
ins.
The
se
prot
eins
cont
rol
the
abil
ity
of t
he r
ecep
tor
to b
ind
diox
ins.
The
n t
here
is a
not
her
prot
ein
here
, wh
ich
has
bee
n i
dent
ifie
d on
ly b
y it
s mo
lec
ula
r we
ight
. I
am
goi
ng t
o c
ome
bac
k to
this
late
r. W
e c
all
it p
50,
but
we
real
ly d
on’t
kno
w w
hat
it d
oes.
We
hav
e a
n
hyp
oth
esi
s bu
t n
o te
sts.
We
hav
e th
is c
omp
lex
of f
our
prot
eins
bin
din
g di
oxin
, a
nd
the
n
some
thin
g ha
ppen
s.
I lea
ve t
his
purp
osel
y va
gue,
othe
r th
an t
o sa
y we
lose
the
heat
—sho
ck
prot
eins
, we
lose
p50,
but
gain
anot
her
prot
ein
whic
h, a
t thi
s po
int
in ti
me,
is a
prot
ein
call
ed a
rnt.
This
com
ple
x --
and
we
don’
t kn
ow w
heth
er t
his f
orms
in t
he c
ytop
lasm
or i
n
the
nuc
leu
s —-
func
tio
ns
in t
he n
ucl
eus
, so
that
the
com
ple
x th
at a
ctua
lly
alte
rs g
enet
ic
acti
vity
is c
omp
ose
d of
two
prot
eins
, as
wel
l as
TCD
D.
The
n th
e di
oxi
n ca
n be
rec
ycl
ed
back
. H
eat-
shoc
k pr
otei
ns a
re t
wo m
olec
ules
and
this
is re
ally
a fa
mily
of pr
otei
ns,
and
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Figure 1. Model of Mechanism of Action of TCDD and Ah Receptor.
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Figure 2. Two Roles of AhR?
  
they are developmentally regulated. You have the possibility that, at different stages, these
may function differently in controlling the ability of the receptor to bind the ligand.
There is the possibility that amt, the second protein which is actually involved with the
DNA binding, is part of a family of proteins. TCDD bound to a receptor can interact with
amt 1, amt 2, amt 3, amt N to form this heterodimer, the two protein complex. Each of
these will only recognize one specific gene. So we have multiple levels of interaction
going on here. We have multiple transcription factors, multiple DNA recognition sites,
and we also know that even the Ah receptor, which at one point in time we thought was
the product of a single gene, has multiple alleles of that gene so that there are Ah receptors
that are slightly different sizes. We do not know yet about the specificity of the receptors
and whether the receptor for the protein with a size of 106 kilodaltons will accepted the 97
kilodalton protein, in addition there is a 110 kilodalton receptor. We do not know whether
or no
t the
se ha
ve an
y fun
ction
al im
plica
tions
but a
t lea
st th
ere i
s tha
t pos
sibil
ity.
The
‘
point
is we
are n
ot de
aling
with
a sim
ple s
ystem
. Th
is is
reall
y qui
te co
mplic
ated.
To m
ake
it a l
ittle
more
comp
lex,
Figur
e 2 i
s a hy
pothe
tical
sche
mati
c of
the t
wo w
ays
that
the
diox
in A
h re
cept
or c
omp
lex
func
tion
s to
alter
the
gene
tic
acti
vity
of t
he c
ell.
First
, it
chan
ges i
t so t
hat y
ou ha
ve m
ore
prote
in sy
nthes
is or
less
prote
in sy
nthes
is.
And
this i
s
wha
t ha
s be
en d
emon
stra
ted
and
wha
t pe
ople
have
spen
t mo
st o
f the
ir t
ime
look
ing
at.
That
, in
fact,
TCD
D bi
nds
with
this
comp
lex,
whi
ch t
hen
falls
apar
t an
d th
e di
oxin
rece
ptor
, pl
us t
hat
amt
prot
ein,
goes
into
the
nucl
eus,
and
alter
s tr
ansc
ript
ion
and
gene
expr
essi
on.
Seco
nd,
this
p50,
whi
ch I
told
you
abou
t an
d we
real
ly d
on’t
kno
w wh
at i
t is,
ther
e is
at le
ast a
n hy
poth
esis
that
this
prot
ein
is a
tyro
sine
kina
se.
Thes
e ar
e pr
otei
ns t
hat
put
phos
phat
e gr
oups
on t
yros
ine
resi
dues
. Ty
rosi
ne i
s an
ami
no a
cid
in p
rote
ins,
and
whe
n y
ou
pho
sph
ory
lat
e pr
otei
ns,
you
affe
ct t
heir
acti
vity
dram
atic
ally
. W
ith
som
e r
ecen
t
stud
ies
from
a nu
mbe
r of
labo
rato
ries
, in
clud
ing
our
own,
we c
an s
how
tyro
sine
kina
se
acti
vity
is ac
tiva
ted
minu
tes
after
diox
in e
xpos
ure.
Thin
gs a
re h
appe
ning
too
quic
kly
to
invo
lve
chan
ges
in w
hat
is go
ing
on i
n th
e nu
cleu
s. T
hey
invo
lve
chan
ges
that
are
goin
g
on a
t the
poin
t of
cont
act.
We
kno
w al
so th
at s
ome
of th
e pr
otei
ns t
hat a
re p
hosp
hory
late
d
by t
yros
ine
kin
ase
in r
esp
ons
e to
dio
xin
are
prot
eins
that
cont
rol
the
mov
eme
nt
of c
ells
thr
oug
h th
e ce
ll c
ycle
. H
ere
we
hav
e a
dire
ct t
ie—i
n be
twe
en
a ve
ry r
api
d ef
fect
of d
ioxi
n,
whi
ch
clea
rly
requ
ires
the
rece
ptor
bec
aus
e it
acts
as a
regu
lato
r of
this
prot
ein.
Whe
n th
is
pro
tei
n is
bou
nd
to t
he r
ecep
tor,
it ca
n’t
pho
sph
ory
lat
e ot
her
prot
ein.
Whe
n y
ou
rele
ase
it
fro
m ac
tivi
ty,
it n
ow
goe
s o
n a
nd
doe
s it
s th
ing.
One
of t
he c
riti
cal
diff
eren
ces
abo
ut
dio
xin
as c
omp
are
d to
, fo
r ex
amp
le,
com
pou
nds
in b
rocc
oli,
cau
liﬂ
owe
r, a
nd
othe
r fo
ods
we
eat
that
also
bin
d to
this
rece
ptor
, is
that
tho
se c
omp
oun
ds
are
ver
y ra
pid
ly m
eta
bo-
lize
d an
d g
otte
n ri
d of
. S
o yo
u h
ave
a ve
ry
shor
t-la
stin
g ef
fect
. T
he
pro
ble
m wi
th
dio
xin
is t
hat
you
hav
e a
pers
iste
nt e
ffec
t.
Diox
in.
com
es
in,
it b
ind
s it
s re
cept
or,
and
it ti
es it
up.
So
you
get
a co
nst
ant
sign
al f
rom
the
nuc
leu
s to
mak
e m
ore
prot
ein,
and
you
hav
e a
con
-
stan
t ph
osp
hor
yla
tio
n go
ing
on.
Usu
all
y ph
osp
hor
yla
tio
n ev
ent
s ar
e ve
ry t
ight
ly r
egu-
late
d.
The
y ar
e us
ual
ly v
ery
muc
h o
n-of
f, a
nd
now
you
loc
ked
the
swit
ch.
I th
ink
the
who
le
ide
a of
the
pers
iste
nce
of t
he d
iox
in a
ctiv
ity
is a
n im
por
tan
t on
e to
thi
nk a
bou
t
when we try and understand what the compound is doing.
So
wha
t I
hav
e s
how
n y
ou
is t
hat
this
bin
din
g to
the
Ah
rece
ptor
is n
ece
ssa
ry f
or t
he
effe
cts
of d
ioxi
n, i
t is
the
firs
t st
ep,
but
it is
clea
rly
not
suff
icie
nt.
Man
y o
ther
thin
gs h
ave
to happen subsequent to binding to the receptor.
I th
ink
wha
t y
ou
real
ly h
ave
is a
biol
ogic
al a
mpli
fica
tion
of t
hese
res
pon
ses
and
it o
ccu
rs
by a
cas
cad
e of
gro
wth
fact
ors
and
hor
mon
es
and
the
ter
m th
at i
s us
ed
int
he
lite
ratu
re
now
whe
n w
e ta
lk a
bou
t st
eroi
d ho
rmo
nes
, th
e es
trog
ens,
the
gluc
o-co
rtic
oids
, th
e
prog
este
rone
s, i
s th
at y
ou
hav
e “
com
bin
ato
ria
l co
mpl
exi
ty.
” W
hat
that
mea
ns
is t
hat
you
hav
e a
com
pli
cat
ed n
etw
ork
-- n
oth
ing
is l
inea
r --
eve
ryt
hin
g is
inte
ract
ing,
and
that
is
exac
tly
wha
t is
hap
pen
ing
wit
h di
oxin
. I
t is
alm
ost
like
dio
xin
is g
oin
g in
to t
he m
idd
le
of
this network, and sending out signals in all directions.
COMPARATIVE TOXICITY
There is a wide variation in acute toxicity of TCDD to adult mammals (Table 4). The
guinea pig dies a week or so after being exposed to dioxin, whereas hamsters survive until
you get to very high doses. You have approximately 3-5,000 fold differences in sensitivity.
For many chemicals this is highly unusual. For something that functions like a hormone,
this is not totally unexpected. But the point that I want to gather is that, while guinea pigs
are exquisitely sensitive, and I am going to stress that these are adult guinea pigs, and
adult hamsters are very resistant, most mammals tend to cluster in the neighborhood of
100 micrograms per kilogram as approximately the lethal dose. 80 while the guinea pigs
and the hamsters are outlyers for this response, most animals are similar. I stress the point
about adult hamsters versus adult guinea pigs because if you look at hamster embryos or
fetuses, they are essentially equisensitive to guinea pig embryos. If you look at rat em—
bryos, they are essential equisensitive. There is something about the adult hamster that
makes them resistant to TCDD, but the embryo responds at the same concentration as lots
of other species.
With respect to dioxin, people react
TABLE 41 ACUTE TOXICITY 0F TCDD similarly to animal responses. Biology is
   
inherently conservative and things tend to
SPECIES LD (pg/kg) work the same way in many species.
Guinea pig 0'6 _ 2.5 There is a large amount of data showing,
for example, that changes in biochemical
Mink 4 properties such as enzyme induction, in
Rat 22 _ 320 some hormonal states and in growth
factors occur at similar body burdens in
Monkey <70 animals as they do in people. For exam-
, ple, in the ongoing occupational study
Rabblt 115'275 conducted by National Institute of Occu-
Mouse 114-280 pational Safety and Health (NIOSH)
looking at workers who were exposed to
Dog >100 ' <3,000 dioxin, these adult males are showing
Hamster 1 150 _ 5 000 decreases in the levels of their circulating
’ ’ testosterone at body burdens very similar
to the body burdens in adult rats. In
immunotoxicity testing, human
lymphocytes and cultured cells respond to the same concentration of dioxin in the media
as mouse and monkey cells. In terms of developmental toxicity based on organ culture
you find similar responses at similar concentrations of TCDD. For example, if you take out
the embryonic palate of a rat and the embryonic palate of a human, put them in culture
and expose them to the same concentration in the media, you get a similar response.
Similarly, the body burden associated with chloracne in people is essentially the same as
the body burden causing chloracne in monkeys, in hairless mice, or in rabbit ears. Ani—
mals with a lot of hair -- like regular mice and regular rats -- do not develop chloracne, but
hairless mice do and the body burden there is essentially the same. Cancer appears to
occur at similar body burdens in animals as in humans.
SUBTLE DEVELOPMENTAL EFFECTS
I will just mention some really recent data on subtle developmental effects that you would
not see if you only looked when the animals were born. Dick Peterson at the University of
Wisconsin is doing some very important mammalian work. A year ago he reported that if
he treated pregnant rat dams towards the end of gestation with a very low level of dioxin,
as low as 65 nanograms per kilogram, it resulted in demasculinization and feminization of
the male offspring. Most of these changes were not detectable until they reached puberty.
8
  
We have since repeated that study, not only with his kinds of rats, but also in another
strain of rats. We have also looked at hamsters, and we get basically the same result. We
see decreased sperm count, altered sexual behavior, and shortened genitalia in these male
rat pups. We have looked at both female rat and female hamster pups and we see even
more dramatic changes in the females, where we see hypospadias, which is where the
urethra, instead of emptying in a separate opening at the top of the clitoris, actually emp-
ties into the vagina. We see complete clefting of the clitoris, and a cleft being maintained
all the way down to the vagina. In the rats, we see delayed vaginal opening and, in some
cases, no vaginal opening. In the hamsters we cannot even find an external vagina in
some cases. Clearly, the animals with no vaginal opening are not going to be fertile.
Although these animals appear to be cycling perfectly normally and the ovarian-pituitary
axis appears to be functioning properly, we do not really understand the mechanism of
what is going on and we are trying to explore it.
These are very concerning events and Dr. Guo from Taiwan, who is one of the principle
investigators on the Yucheng cohort, visited my lab two days ago. This is the PCB rice oil
poisoning in Taiwan in 1979, where about 2,000 people unfortunately cooked with rice oil
that was contaminated with PCBs that were themselves contaminated with the
polychlorinated dibenzofurans. The children born following this episode have been
followed for the past 8—13 years, that is the age of the kids now. When they were first born
they were reported to have what was called ectodermal dysplasia syndrome, which in-
cluded all sorts of pigmentation problems, problems with their nails and dentition, and
they were small in stature. When they did development milestones, these kids were
developmentally delayed. They have continued to follow these kids. Their IQ is shifted
about five points down from the rest of the population, and this has been maintained as
they
have
grow
n up.
It is
not s
omet
hing
they
have
outg
rown
. Th
e chi
ldren
cont
inue
to be
shorter in stature than matched controls and as the boys approach puberty, and some of
them
are n
ow b
etwe
en t
he ag
es of
8-13,
the o
nes w
ho a
re 10
, 11,
12 an
d 13
are a
ppare
ntly
havi
ng pr
oble
ms wi
th th
eir g
enita
lia.
This
is ve
ry ne
w dat
a, so
me of
it wil
l be
prese
nted
this
fall
at th
e Di
oxin
Meet
ing,
but
it is
very
comp
atib
le w
ith
the
data
that
we a
re s
eein
g in
the experiments.
CANCER
Diox
in i
s a c
arci
noge
n [T
able
5).
Ther
e ar
e at
least
18 s
tudi
es i
n ma
mma
ls,
all o
f wh
ich
are
posi
tive
. Y
ou m
ay h
ave
hear
d th
at d
ioxi
n is
a tu
mor
prom
oter
, an
d no
t a c
arci
noge
n,
beca
use
it do
es n
ot d
irec
tly
inte
ract
with
the
DNA
. I
thin
k we
start
to d
ance
on t
he h
eads
of p
ins
beca
use
Whe
n I
am
sayi
ng d
ioxi
n is
a ca
rcin
ogen
here
, if
you
feed
anim
als
in lo
ng-
term
stud
ies
with
out
addi
ng a
ny k
now
n in
itiat
or, d
ioxi
n by
itsel
f sti
ll ca
uses
an i
ncre
ase
in t
umo
rs.
It d
oes
not
cau
se o
nly
one
typ
e of
tum
or,
it c
aus
es t
umo
rs
at m
ult
ipl
e si
tes.
It
causes it in both males and females, and
it ha
s bee
n det
ected
in ra
ts, m
ice a
nd
TABL
E 5;
DIOX
IN Is
A CA
RCIN
OGEN
;
hamsters. In addition, work from the ANIMAL STUDIES
US. EPA laboratory has indicated that
dioxin causes increases of tumors in
medaka, at multiple sites and short
latency and at high incidence.
OMammals - 18 studies
All positive
Rats, mice, hamsters
There are three recent human epidemiol-
ogy
stud
ies
[Tab
le 6)
whic
h, I
beli
eve,
.FiS
h ’ M
edak
a
dese
rve
extr
a we
ight
whe
n we
look
at th
e
1
Mult
iple
sites
dioxin epidemiology literature. Prior to
the
se
stu
die
s,
the
re
wer
e p
rob
abl
y e
qua
l
Sho
rt l
ate
ncy
numbers of studies that said, yes, dioxin
does cause tumors in people and, no, it
doesn’t. The advances that these three
High incidence
  
studies (Fingerhut et al. 1991, Manz et al.
TABLE 6’5 DIOXIN IS A CARCINOGEN‘ 1991, and Zober et al. 1990)* have are that
HUMAN EPIDEMIOLOGY they have blood levels for the cohorts. So
 
they can actually validatetheir exposure in
Three recent occu ational cohorts , , _ _ . ,
p then industrial hygiene matrlces w1th serum
Zober et al. ’90 levels of dioxin. In that case you find an
increased standardized mortality ratio
Fingerhut et al‘ ’91 related to exposure to dioxin, especially in
Manz et (IL ’91 the people who were exposed long term;
_ ’ people with at least 20 years of exposure.
'Incréased Standardlzed mortahty This was a generalized tumor response. I
ratlos related to exposure think you are all familiar with diethyl
.Generalized tumor response stilbestrol (DES) that specifically caused
  
vaginal adenocarcinoma in young women.
The specificity of the lesion is why we were
able to find out that this was a problem. If
you have something that causes a generalized increase in cancer, it is very hard to pick up.
There is a suggestion from two of these studies that there may be an increase in lung
tumors. Well, with the background as high as it is in lung tumors, it is very hard to pick
up a small number of extra cases. But in fact these studies are all very compatible with
each other, showing that high levels of exposure to dioxin are associated with an increase
in cancers overall.
There is another study that will be published in the September issue of the American
[ournal of Epidemiology, based on the Seveso cohort. Seveso was a town in Italy, and in
1976 there was an explosion at a trichlorophenol plant and the area around it was highly
contaminated. The serum levels in some of those people were the highest that we have
ever seen. Until now there has been a suggestion in a report published in 1989 that there
might be a increase in cancer, but it was just too soon, and the numbers were too small.
This paper in press now actually demonstrates, based on cancer registry data in that area
of Italy for 11 years since the explosion, there are very significant increases in multiple
types of tumors in that population. Now that you think it is all bad, there is also a de-
crease in breast cancer. Remember I told you dioxin is a hormone, and it may increase
some things and decrease other things. The decrease in breast cancer, by the way, has
been reported in animal studies. In this report on the Seveso study to be published, the
increase is in both males and females, and again at multiple sites. I really find it hard to
accept the negative, or the null hypothesis. To me, the data is overwhelming that dioxin
has the potential, at least at high doses, to result in cancer in people.
*Fingerhut, M.A., W.E. Halperin, D.A. Marlow, L.A. Piacitelli, P.A. Honchar, M.H.
Sweeney, A.L. Greife, P.A. Dill, K. Steenland, and AJ. Suruda. 1991. Cancer Mortality in
Workers Exposed to 2,3,7,8—tetrachlorodibenzo—p-dioxin. The New England journal of
Medicine. 324:212—218.
Zober, A., P. Messerer, and P. Huber. 1990. Thirty-four—year mortality follow-up of BASF
employees exposed to 2,3,7,8-TCDD after the 1953 accident. International Archives of
Occupational and Environmental Health. 62:139-157.
Manz, A., J. Berger, ].H. Dwyer, D. Flesch-Ianys, S. Nagel, and H. Waltsgott. 1991. Cancer
mortality among workers in chemical plant contaminated with dioxin. The Lancet.
338:959-64.
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If
we
lo
ok
at
th
e
do
se
—r
es
po
ns
e
LI
GA
ND
BI
ND
IN
G
rel
ati
ons
hip
s f
or
d10
X1I
1 (
Tab
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BI
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HE
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CA
L A
LT
ER
AT
IO
NS
mteraction w1th the receptor w1ll
oc
cu
r a
t t
he
lo
we
st
co
nc
en
tr
at
io
n.
IM
MU
NO
TO
XI
CI
TY
Th
e a
cti
vat
ion
of
the
rec
ept
or
int
er-
DE
VE
LO
PM
EN
TA
L D
EF
EC
TS
acting w1th DNA may requlre addi-
tio
nal
ste
ps,
an
d t
he
n a
ll
the
se
oth
er
CH
LO
RA
CN
E
eff
ect
s i
ncl
udi
ng
en
zy
me
ind
uct
lon
,
CA
NC
ER
1mmunotox1c1ty, developmental
eff
ect
s o
cc
ur
at
mu
ch
lo
we
r
lev
els
DE
AT
H
tha
n,
for
ex
am
pl
e,
chl
ora
cne
or
_ _
_ _
_ _
_ '
_ _
_ _
>
can
cer
. Y
ou
ha
ve
to
ha
ve
ver
y h
lg
h
IN
CR
EA
SI
NG
DO
SE
levels of exposure to diox1n before
you see chloracne. In cancer, in order
to
det
ect
an
inc
rea
se
in
tum
ors
, y
ou
hav
e t
o h
ave
eve
nhi
ghe
r d
ose
s a
gai
n.
Wit
h t
he
imm
uno
tox
ici
ty,
one
thi
ng
I s
hou
ld
men
tio
n,
is t
hat
in
the
Tai
wan
coh
ort
, t
he
chi
ldr
en,
not
the
adu
lts
, a
re
rep
ort
ed
to
ha
ve
ele
vat
ed
inc
ide
nce
s,
not
onl
y o
f r
esp
ira
tor
y i
nfe
cti
ons
, b
ut
als
o o
titi
s,
ear
inf
ect
ion
s.
In
the
nor
the
rn
Qu
eb
ec
Inu
it
pop
ula
tio
n e
xpo
sed
to
ver
y h
igh
lev
els
of
PC
B r
ela
tiv
e t
o t
he
gen
era
l p
opu
lat
ion
, c
hil
dre
n a
lso
ha
ve
ver
y h
ig
h i
nci
den
ces
of
res
pir
ato
ry
inf
ect
ion
s a
nd
otit
is,
and
als
o a
ver
y d
ecr
eas
ed
rat
e o
f ta
ke
of
vac
cin
ati
ons
. A
ll
wh
ic
h w
ou
ld
be
at
lea
st
co
mp
at
ib
le
wi
th
the
eff
ect
s o
n t
he
im
mu
ne
sys
tem
.
A
rec
ent
rep
ort
pr
es
en
te
d a
t t
he
Am
er
ic
an
Soc
iet
y o
f G
yn
ec
ol
og
y h
as
ind
ica
ted
tha
t
ex
po
su
re
to
dio
xin
res
ult
ed
in
end
ome
tri
osi
s i
n T
CD
D-
ex
po
se
d r
hes
us
mo
nk
ey
s,
ma
ny
yea
rs
aft
er
the
ces
sat
ion
of
exp
osu
re.
Th
es
e m
on
ke
ys
we
re
par
t o
f a
coh
ort
tha
t w
as
be
in
g
stu
die
d a
t t
he
Uni
ver
sit
y o
f W
is
co
ns
in
.
Se
ve
n y
ear
s a
fte
r t
he
ter
min
ati
on
of
exp
osu
re,
on
e
of
th
e h
ig
he
r d
os
e
mo
nk
ey
s
di
ed
aft
er
ev
in
ci
ng
se
ve
re
pa
in
an
d
an
au
to
ps
y r
ev
ea
le
d
tha
t i
t
ha
d f
ul
mi
na
ti
ng
en
do
me
tr
io
si
s.
Si
nc
e t
he
n,
on
e
ot
he
r m
on
ke
y
ha
s
die
d,
an
d
it
di
ed
of
th
e
sa
me
ca
use
.
In
mo
nk
ey
s,
en
do
me
tr
io
si
s
ca
n b
e
fat
al,
th
ou
gh
it i
s n
ot
fat
al
in
hu
ma
ns
.
Th
er
e w
as
a C
an
ad
ia
n s
tu
dy
ou
t o
f H
ea
lt
h a
nd
We
lf
ar
e C
an
ad
a
wh
ic
h
ha
d
re
po
rt
ed
, i
n
abs
tra
ct
fo
rm
, a
su
gg
es
ti
on
of
in
cr
ea
se
d
en
do
me
tr
io
si
s
in
mo
nk
ey
s
ex
po
se
d
to
Ar
oc
hl
or
12
54
, w
hi
ch
is
th
e P
CB
wi
th
th
e h
ig
he
st
co
nc
en
tr
at
io
n
of
dio
xin
—li
ke
PC
Bs
in
it.
Be
ca
us
e
of
all
th
es
e f
ind
ing
s,
th
e E
nd
om
et
ri
os
is
As
so
ci
at
io
n p
ai
d f
or
so
me
vet
er
in
ar
ia
ns
an
d
so
me
gy
ne
co
lo
gi
st
s t
o d
o
la
pr
os
co
pt
ic
su
rg
er
y
on
all
th
e m
on
ke
ys
.
Th
er
e
we
re
con
tro
ls,
mo
n-
ke
ys
ex
po
se
d t
o f
ive
, a
nd
mo
nk
ey
s
tha
t h
ad
be
en
ex
po
se
d t
o 2
5
par
ts
pe
r t
ril
lio
n o
f d
io
xi
n
in
th
ei
r
di
et
an
d
th
ey
ha
d
be
en
ex
po
se
d
for
fo
ur
ye
ar
s,
bu
t t
ha
t
ex
po
su
re
ha
d
be
en
te
rm
i-
na
te
d
10
ye
ar
s
be
fo
re
thi
s
la
pr
os
co
pt
ic
ex
am
in
at
io
n.
Th
er
e
wa
s
a d
os
e-
re
la
te
d i
nc
re
as
e
in
1
bo
th
th
e
in
ci
de
nc
e
an
d
se
ve
ri
ty
of
en
do
me
tr
io
si
s,
as
co
mp
ar
ed
to
no
t
on
ly
th
e
co
nt
ro
l
5
mo
nk
ey
s
fr
om
th
is
st
ud
y,
bu
t
to
th
ei
r h
is
to
ri
c
co
nt
ro
ls
fr
om
th
ei
r m
on
ke
y
co
lo
ny
,
wh
ic
h
_
3
in
vo
lv
es
so
me
th
in
g
li
ke
30
0
mo
nk
ey
s.
Th
er
e
ar
e
no
w
at
le
as
t t
wo
st
ud
ie
s
th
at
ar
e
su
gg
es
-
ti
ve
of
an
as
so
ci
at
io
n,
or
an
in
cr
ea
se
d
in
ci
de
nc
e
of
en
do
me
tr
io
si
s
in
th
es
e m
on
ke
ys
an
d
th
er
e
is
a p
oss
ibi
lit
y
tha
t i
t h
as
fai
rly
sig
nif
ica
nt
hu
ma
n
app
lic
ati
on.
RELATIVE POTENCY RANKINGS
Di
ox
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t
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e
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a f
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y
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he
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,
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e
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th
th
e
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0-
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d
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ze
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d
th
en
th
er
e
we
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mp
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nd
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Re
me
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,
na
ph
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ci
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n
Wo
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r
II,
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d
th
e
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lo
wa
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s
we
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e
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oo
rn
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ur
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ip
s
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e w
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th
e
wo
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er
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Th
es
e
co
mp
ou
nd
s
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e
pr
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th
e
ma
jo
r
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to
rs
th
ou
gh
,
th
at
wh
en
th
ey
ar
e
ha
lo
ge
na
te
d
in
th
e
la
te
ra
l
po
si
ti
on
s,
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n
in
te
ra
ct
wi
th
th
e
Ah
re
ce
pt
or
an
d
ca
us
e
th
e
sa
me
sp
ec
tr
um
of
bi
ol
og
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re
sp
on
se
s.
1 1
i
l
l
TABLE 8: RELATIVE POTENCY
(CLEFT PALATE)
   
ABirnbaum et al., 1987
BBir'nbaum et al., 1991
CMiller & Birnbaum, 1986
These chemicals all act by the same
mechanism, and we should be able to assign
them relative potency rankings. The toxic
TCDDA 1.000 equivalency scheme is a scheme of relative
B potency ranking. These compounds are
TBDD .235 considered as if they were a dilution of
TCDFA .049 TCDD. So you weight them and if you
TBDFB .100 assign TCDD a value of. 1, you can see that.
the brommated d10x1n IS about 1/4th as tox1c
1,2,3,7,8-PEBDF .026 as TCDD itself. The tetrachlorodibenzofuran
is only l/20th as toxic despite looking like
1’2’3’7’8'PECDFA '004 TCDD and binding very tightly to the
2,3,4,7,8—PECDF“ .095 receptor. It is much less persistent than
2 3 4 7 8 PEBDFB 005 TCDD and is readily metabolized in the
’ ’ ’ ’ ' ' mammalian systems, so the exposed animal
HCDF" .010 can get rid of it, since metabolism for these
HBNC 002 chemicals is a detoxification process. The
‘ brominated-dibenzofuran is more toxic than
2,3,4,5,3’,4’-HCBA ,00003 the chlorinated, while for the dioxin it is the
reverse, because the brominated—
dibenzofuran is harder to metabolize than
the chlorinated. You can rank these com-
pounds (Table 8) according to their relative
effect. This was done for cleft palate, and it
has been used in the development of toxic equivalency factors (TEFs) and many other
kinds of end points have also been used. For example, receptor binding I have already
mentioned. Induction of biochemical responses, like enzyme induction, and this can be
done either in the animal in Vivo or can be done in test tubes with cultured cells,
teratogenicity, effects on the skin, dermal toxicity, immunotoxicity, or tumor promotion.
All these things have been used, and looked at in total to come up with a toxic equiva—
lency scheme. The US. EPA came out with interim TEFs in 1989, which I think is essen-
tially identical to the NATO values also today being used by Scandinavian countries, and I
think Canada uses the same numbers for the dioxins and furans.
The question is, what about the dioxin—like PCBs? The US. EPA is determining values for
TEFs for the dioxin-like PCBs in fish, we have been looking at them in a long term mouse
study, and Health and Welfare Canada has been looking at them in a long—term rat study.
What we are finding is similar, which is that while the dioxin-like PCBs must be consid-
ered in any kind of assessment, in most cases they are not going to drive the re-assessment.
Congener No. 77 binds the receptor very well, but it is very rapidly metabolized in mam-
malian species and by many fish. So its in Vivo toxicity is much less than you would
predict based on something you did in culture. On the other hand, birds have very lim—
ited ability to metabolize these compounds, so you want to assess the toxicity for birds,
using in Vitro tests, while for species that can metabolize it, you may want to use in vivo.
In other words, TEFs have to be applied with a certain degree of thought behind them.
Birnbaum, L.S., M.W. Harris, D.D. Crawford, and RE. Morrissey, 1987. Teratogenic
Effects of Polychlorinated Dibenzofurans in Combination in C57BL/6N Mice. Toxicology
and Applied Pharmacology. 91:246-255.
Miller, CF. and LS. Birnbaum. 1986. Teratologic Evaluation of Hexabrominated
Naphthalenes in C57BL/6N Mice. Fundamental and Applied Toxicology. 7:398—405.
L.S. Birnbaum, R.E. Morrissey, and M.W. Harris. 1991. Teratogenic Effects of 2,3,7,8-
Tetrabromodibenzo-p-dioxin and Three Polybrominated Dibenzofurans in C57BL/6N Mice.
Toxicology and Applied Pharmacology. 107:141-152.
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 U.S.
like PCBs would protect us against the non-dioxin-like PCBs. Our current “dioxin” expo-
sure is somewhere in the neighborhood of maybe 30-50 parts per trillion on a toxic equiva—
lency basis, derived primarily through the food. This kind of body burden of dioxins and
furans is associated with exposure to about 1-3 picograms per kilogram per day. But
nursing infants and subsistence fishermen may have higher levels of exposure.
So I think there are two views that can be looked at. The first one is, are current levels in
the environment a problem? The second is that if we do not think they are a problem,
should we worry about these special populations, the nursing infants and the subsistence
fishermen? Do the current levels have the entire population on the brink of some kind of
biological response? I am purposely vague, I am not saying adverse effect. Death is clearly
an adverse effect, but is alteration of your hormonal status an adverse effect? I am not
sure. It probably depends in what environment you find yourself. You know if your
glucocorticoid levels are already elevated and then you are stressed, you might have a lot
more problems than someone else. But are we at the level of beginning to expect re-
sponses? In fact, are there people in the population who are already experiencing subtle
health effects? I should mention that male sperm count has dropped over 50% in the last
50 years, the incidence of endometriosis in the human population has increased dramati-
cally, the age of menarche has decreased dramatically and this cannot all be accounted for
by nutritional changes. I mean there are definitely things going on there. There is a recent
suggestion that elevated levels of DDT are associated with increased incidences of breast
cancer. Are there subtle things going on? I don’t really know the answer to that but, if
they are, then clearly, any increase of individual exposure would be undesirable.
EPA DlOXlN REASSESSMENT
Now, before I tell you what I think, I just would like to brieﬂy mention the dioxin reassess-
ment. About three years ago, there was a meeting on dioxin at the Banbury Center in
Connecticut and, when we came back from it, I was really excited. I was also real naive. I
had just joined the agency, so I wrote Erich Bretthauer a memo telling him I thought this
was an opportunity for the agency to get in front of the issue, instead of always coming in
at the rear, and that there was enough new information that had been gathered about the
effects of dioxin that we really ought to reassess its risk. In fact, Bill Reilly, a little over
two years ago, decided that we would do that and we started a multi-faceted approach
including a bioaccumulation project and an aquatic toxicity project. There are many other
parts of this reassessment. There has been evaluation of the literature, which has been
ongoing. This is a critical review of the new literature. There have been eight chapters
written, and they have been done by outside experts in conjunction with US. EPA people
as well. These were peer reviewed last September at a meeting and have been undergoing
re—evaluation and updating really since that time. There is also analysis of the exposure
information. I should say there are actually eight to nine revised chapters that will be
available shortly, the exposure scenario was also reviewed last September and that has
been revised, and there are three volumes of exposure assessment. We have been looking
more closely at human tissue levels, in collaboration with colleagues at the Center for
Disease Control (CDC). We have been doing a lot of data collection, because what we
wanted to do was try to develop extrapolation models that would be biologically based.
There was some data that we felt we were missing, and we tried to identify the most
sensitive responses that we could measure and obtain better estimation of the toxic equiva—
lency factors for the coplanar PCBs. All these different kinds of bench and laboratory
science have been ongoing and are feeding into a risk characterization. We had originally
hoped this would be done by now, but we have been held up by the epidemiology because
all this new information which is just coming out, for example, the paper in press about
cancer in Seveso, needs to be incorporated into the document. I think we are currently
looking at public release of drafts of these documents probably in about October, which
means that they would be taken to our external Science Advisory Board for review in
probably January or February.
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 One thing we have tried to do in this reassessment is keep it a very open process. We
have
done
lots o
f pub
lic m
eetin
gs.
We h
ave s
olici
ted c
omme
nts
from
the p
ublic
. If
any-
body has additional comments, we are more than welcome to entertain and listen to it and
incor
porat
e it i
nto t
he pr
ocess
. Wh
en w
e go
out w
ith
the d
raft i
n app
roxi
mate
ly Oc
tober
,
we w
ill
also
hold
a ser
ies
of a
ddit
iona
l pu
blic
meet
ings
, pr
obab
ly i
n se
vera
l re
gion
al
offi
ces
acro
ss t
he c
ount
ry s
o th
at t
here
will
be g
reat
er a
cces
s, a
s op
pose
d to
hold
ing
thos
e
kinds of meetings in Washington.
80,
wha
t w
ere
the
resu
lts
of l
ast
Sep
tem
ber
’s r
evi
ew?
Well
, th
e ou
tsid
e pa
nel,
at t
hat
poi
nt,
sai
d t
hat
the
bod
y b
urd
en
in t
he
gen
era
l p
opu
lat
ion
was
at o
r n
ear
the
lev
el w
her
e
res
pon
ses
are
exp
ect
ed
to o
ccur
. I
am
goi
ng t
o ed
itor
iali
ze,
and
I am
not
spe
aki
ng f
or t
he
agen
cy,
I am
onl
y sp
eak
ing
for
me,
but
this
sou
nds
to m
e t
hat
this
has
a di
rect
imp
act
on a
regulatory agenda. Thank you.
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QUESTIONS
David Villeneuve, Health and Welfare Canada: You have made reference to neurobehavioral
effects in connection with the Yucheng study, I believe, and PCB and dibenzofurans. Is
there any indication whatsoever that dioxins are perhaps implicated in neurobehavioral
effects?
Linda Birnbaum: Yes, there is. Prenatal exposure of monkeys appears to result inaltered
spatial memory. You can tell monkeys that they are supposed to remember where a certain
object is, and the dioxin—exposed monkeys have much more trouble with this short- term
spatial memory than animals who were not prenatally exposed. Most of the Yusho and
Yucheng data on responses is purely correlative, but if you try to associate them with the
level of PCBs or the level of dibenzofurans they correlate with the dibenzofurans level
much more than the PCB level for most of those things. So we know that certain PCBs,
like some of the non-dioxin-like PCBs, are developmentally neurotoxic, but dioxin itself
also appears to have a different spectrum of developmental neurotoxicity. Clearly, the
sexual behavior effects are neurotoxic effects, but they were induced developmentally.
Gera
ld Re
es, O
ntar
io Mi
nist
ry of
the E
nvir
onme
nt a
nd E
nergy
: W
ould
you
say t
hat a
s a r
esult
of th
e dio
xin r
eass
essm
ent w
e no
w ha
ve a
bette
r und
erst
andi
ng of
the i
mplic
ation
s of
dioxins or are there more questions than when you started?
Lind
a Bi
rnba
um:
The
answ
er i
s ye
s to
both
. B
ecau
se i
f yo
u do
a go
od s
cient
ific
stud
y, y
ou
alwa
ys r
aise
mor
e qu
esti
ons
than
you
answ
er.
But
I th
ink
we
have
lear
ned
a tr
emen
dous
amou
nt.
I pe
rson
ally
feel
that
the
iden
tity
betw
een
anim
als
and
hum
ans
is m
uch
stro
nger
than
it wa
s a
coup
le o
f ye
ars
ago.
I me
ntio
ned
the
test
oste
rone
stud
ies
that
have
com
e ou
t
of th
e NI
OSH
coho
rt.
Ther
e ar
e al
so i
ndic
atio
ns t
hat h
ighl
y ex
pose
d po
pula
tion
s, n
ot o
nly
the i
ndust
rial
work
ers
but t
he sm
all n
umbe
r of
ranc
h han
ders
from
Viet
nam w
ho w
ere
high
ly e
xpos
ed,
they
also
had
the
prob
lems
with
test
oste
rone
and
they
also
had
prob
lems
with
the
gluc
ose
tole
ranc
e tes
t an
d an
incr
ease
in d
iabe
tes,
and
so d
id t
he N
IOS
H co
hort
.
We
don’
t kn
ow y
et, a
nd t
hey
are
busy
look
ing
at th
at, w
heth
er i
t is
Type
I or
Type
II, T
ype
I
bei
ng
aut
o i
mmu
ne
and
Typ
e II
bei
ng a
ge-a
ssoc
iate
d.
The
ran
ch h
and
ers
also
had
in—
crea
ses
in c
ircu
lati
ng i
mmun
oglo
buli
n A
(IgA)
, wh
ich
wou
ld c
hang
e th
e im
mun
e sy
stem
,
and
incr
ease
s in
circ
ulat
ing
lipid
s. N
ow
thos
e ra
nch
hand
ers
com
e ba
ck e
very
five
year
s
for a
foll
owup
. T
hey
were
back
in ’
92.
It wi
ll p
roba
bly
take
2-3
year
s bef
ore
we h
ave
the
resu
lts
of th
at a
naly
sis.
I th
ink
we a
re g
oing
to s
ee a
lot m
ore
info
rmat
ion
out
of th
e
Sev
eso
coh
ort
in t
he n
ext
cou
ple
of y
ears
. I
f we
are
goi
ng t
o do
som
e m
ore
epi
dem
iol
ogy
stud
ies,
we
need
to l
ook
at th
e rig
ht p
opul
atio
n, a
nd I
don’
t th
ink
the
righ
t po
pula
tion
is
adul
t ma
les.
I th
ink
we
need
to b
e lo
okin
g at
adul
t fe
male
s an
d we
need
to b
e lo
okin
g at
chi
ldr
en b
orn
to w
ome
n w
ho
wer
e e
xpo
sed
and
we
nee
d to
fol
low
thos
e ki
ds,
espe
cial
ly
for when they hit puberty.
Mil
ton
Clar
k, U
.S.
Env
iro
nme
nta
l Pr
ote
cti
on A
gen
cy:
One
of t
he r
esul
ts t
hat
is c
omi
ng
out
now
is a
bou
t th
e cr
itic
ism
of U
.S.
EPA
’s c
ons
erv
ati
sm w
ith
dio
xin
rela
tive
to t
his
non
-th
res
hol
d
line
ar m
ulti
-sta
ge m
ode
l. D
o y
ou f
eel
fair
ly c
omf
ort
abl
e we
wer
e o
n th
e ri
ght
trac
k so
me
yea
rs
ago
, pa
rti
cul
arl
y w
he
n y
ou
loo
k at
the
Fin
ger
hut
stu
die
s w
hic
h s
how
tha
t w
he
n y
ou
extr
apol
ate
fro
m th
e wo
rke
rs s
tudi
es i
t mo
del
s pr
etty
clos
ely
the
Koc
iba
/Do
w st
udie
s?
Lin
da
Bir
nba
um:
You
are
ask
ing
me
a qu
est
ion
I am
not
sup
pos
ed
to a
nsw
er.
Bec
aus
e un
til
the
rea
sse
ssm
ent
is c
omp
let
e, w
e a
re n
ot s
upp
ose
d to
say
anyt
hing
. B
ut I
will
say
if y
ou
do
the
line
ariz
ed m
ulti
-sta
ge m
ode
l, y
ou
com
e o
ut w
ith
a ce
rtai
n nu
mbe
r a
nd
if y
ou
now
do
a
refe
renc
e d
ose
mod
el,
but
loo
k at
the
neu
rob
eha
vio
ral
or d
eve
lop
men
tal
effe
cts,
you
com
e
out with the same number, actually, even lower sometimes.
Mil
ton
Clar
k:
But
the
Fin
ger
hut
extr
apol
atio
n of
the
dos
es f
all
pret
ty c
lose
ly o
n th
e ca
nce
r
incidence.
17
 Linda Birnbaum: If you take the human data. Well, you can do it two ways. You can take the
Kociba data and predict the human response —- what would be elevated risks -— and it
comes out right in the ballpark of Fingerhut, Zober and Manz. You can take the Fingerhut
data and predict what the animal tumor incidence would be, and it comes right out. In
fact, the Fingerhut data would actually predict more tumors in animals than Kociba.
Tony Wagner, Environment Canada: Your last slide in your off-the-record comment, do some
people take that as the first step of organized brinkmanship?
Linda Birnbaum: I’m not sure I know what organized brinkmanship means.
Tony Wagner: We are at a critical stage —- either ban it or mount a massive cleanup.
Linda Birnbaum: The last slide was the conclusion of our outside peer panel. On the last day
of the peer review, they actually sat there and they listed effects, and they listed body
burdens that were associated with the effects in animals, and then they listed the body
burdens associated with effects in people. I should really stress, this is a TEQ. If all you
are worried about is dioxin, the levels of dioxin by itself, are probably not that high. But
when you look at the sum total of what is out there, that is where the body burdens may be
high enough so you might say we are having a response. Your question about ban it or not
banning it -— I mean, what are you going to ban? We don’t even know where half this stuff
is coming from. My feeling, and this is purely my opinion, I have actually heard industry
people say this and this is totally off the record, is that the total level of halogenated
aromatic organics in the environment is higher than they should be.
Denis Davis, Environment Canada: Do you have the historic body burden trends?
Linda Birnbaum: That is a really good question but we don’t have the information, Well, if you
go back to Eskimo mummies from around 1600, they were essentially non-detect. We
don’t have the information. There is a suggestion, Larry Needham told me about a month
ago that the CDC is looking at the levels today. Some of these levels are based upon stud-
ies that were samples that were collected maybe 10 years ago, and they think the levels are
a little bit lower. But we don’t have enough numbers to really firm that up.
Doug Dodge, Ontario Ministry of Natural Resources: Is there any reason to look at aboriginal
people in' a different way than we would look at the rest of the general population, in
terms of exposure and body burden? Were they lumped into that group?
Linda Birnbaum: Yes they are. We know that the Inuits in Hudson Bay have much higher body
burdens. Eric Dewailly from Quebec has actually measured PCB levels and he has done it ;
on a congener-specific basis and they have about 10 times the TEQ.
Doug Dodge: But could that similarly be a purpose for special application in the Great Lakes, v
for example, where there are aboriginal people just as dependent upon natural resources
as the Inuits?
Linda Birnbaum: Yes —— you people are much more familiar -- I know there is a Great Lakes
Initiative where you are looking at levels, for example, for certain Indian tribes and certain
subsistence ﬁsherman. In New York State, they are looking at the Akwesasne tribe of
Mohawk Indians, and‘trying to determine levels, but I don’t think their levels are turning
out to be higher than that of other people. The reason that the Inuits’ levels are so high is
because they eat sea mammals, and they eat blubber, and I think there have been some
comparisons done with the Cree, who live in the same area, but they don’t eat sea mam-
mals. They eat caribou and stuff like that, and their levels are not elevated. But I think we
are going to have questions of “what does it mean to be elevated.” Is two-fold enough? I
don’t know the answer to that.
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 But, if someone would say to me “what is a great big research need?” I would say that we
need to develop some sort of better way to do biomonitoring, because right now it costs
$2,500 per sample to measure dioxins, furans and PCB levels. Well, you can’t do a lot of
samples and that is going to rapidly deplete everyone’s resources. We need to develop
some sort of methodology where we can get a measure which will be much more sensitive,
and much more cost effective, so that we can get a better handle on “do we have
populations where exposure is much higher than the general population.”
Doug Dodge: Things like the neurogenesis could be racially different, could it not, so you look
at different groups of people, you could get different effect levels.
Linda Birnbaum: I think that is an absolute possibility. When you deal with something like
immunotoxicity, clearly it is a multi-genic factor. Many things feed into how the immune
system works -- it is very easy to tickle it. I guess the Taiwanese data I find very important
because they do have people who are ethnically matched, but didn’t eat the rice oil. Much
of the rice oil was eaten in a very limited province and at a school in that province so they
really do have pretty good match controls there, where that wouldn’t really be much of a
problem. I think it is a problem with the Inuit study to find the appropriate controls. The
Cree, although they have a similar environment today in terms of their housing and so on,
are ethnically different.
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